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FIG. 5 
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HANDS-FREE TELEPHONE CONVERSATION 
APPARATUS 

This Application is a US. National Phase Application of 
PCT International Application PCT/ JP2007/059741. 

TECHNICAL FIELD 

The present invention relates to an in-vehicle hands-free 
telephone conversation apparatus. 

BACKGROUND OF THE INVENTION 

In a conventional hands-free telephone conversation appa 
ratus, a sound received by a microphone installed in a vehicle 
is transmitted to the far-end user, and a sound from the far-end 
user is outputted from a loudspeaker installed in the vehicle. 
The sound outputted by the loudspeaker is received by the 
microphone as an echo When a user talks With a far-end user 

on a mobile phone Without having the mobile phone in his/her 
hand. In order to cancel an echo by adding an echo cancella 
tion signal, to a sound signal to be transmitted to the far-end 
user, generated through delay processing and level adjust 
processing, the conventional hands-free telephone conversa 
tion apparatus adjusts an operation condition of a sound pro 
cessing unit for processing a sound signal to be transmitted to 
the far-end user and a sound signal received from the far-end 
user, on the basis of the volume of the sound signal to be 
transmitted to the far-end user, the volume of the sound signal 
received from the far-end user, the type of the vehicle, and the 
like (see for example Patent document 1). 
Patent document 1: Japanese Patent Laid-Open Publication 
2001 -1 19470 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

The conventional hands-free telephone conversation appa 
ratus hoWever encounters such a problem that a sound to be 
transmitted to the far-end user is deteriorated as a result of the 

fact that an echo cancellation signal is added to a sound signal 
indicative of the sound. 

It is therefore an object of the present invention to provide 
a hands-free telephone conversation apparatus Which can 
reduce negative in?uence of an echo on a sound to be trans 
mitted to a far-end user Without deteriorating the sound. 

Means for Solving the Problems 

A hands-free telephone conversation apparatus according 
to the present invention, comprises: a microphone to be used 
When a user is talking on a mobile phone; a least one loud 
speaker directed to the microphone, and adapted to output a 
sound; at least one loudspeaker installed Without being 
directed to the microphone, and adapted to output a sound; 
loudspeaker selecting means for selecting at least one loud 
speaker installed Without being directed to the microphone, as 
a loudspeaker for outputting a sound received from a far-end 
user When the user is talking on the mobile phone. 

The hands-free telephone conversation apparatus thus con 
structed can reduce negative in?uence of an echo on a sound 
to be transmitted to a far-end user Without deteriorating the 
sound, by reason that sound signal processing necessary to 
cancel an echo is not performed in the hands-free telephone 
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2 
conversation apparatus, and a sound received from the far-end 
user is outputted from a loudspeaker installed Without being 
directed to the microphone. 
The hands-free telephone conversation apparatus accord 

ing to the present invention may further comprise: test sound 
signal generating means for generating a test sound signal 
indicative of a test sound, the microphone having high input 
sensitivity to the test sound; loudspeaker sWitching means for 
sWitching from one loudspeaker to another in a predeter 
mined sequence; and sound pressure level detecting means 
for detecting a sound pressure level of a test sound from a 
loudspeaker selected by the loudspeaker sWitching means, 
Wherein the loudspeaker selecting means may select, on the 
basis of the sound pressure level detected by the sound pres 
sure level detecting means, a loudspeaker as a loudspeaker for 
outputting a sound received from a far-end user. 
The hands-free telephone conversation apparatus accord 

ing to the present invention may further comprise a band pass 
?lter for ?ltering sound signals received from the loud 
speaker, Wherein the loudspeaker selecting means may set 
?lter coe?icients to the band pass ?lter on the basis of the 
sound pressure level detected by the sound pressure level 
detecting means. 
The hands-free telephone conversation apparatus thus con 

structed can set optimum ?lter coe?icients to the band pass 
?lter. 
The above-mentioned loudspeaker selecting means may be 

constituted by an integrated circuit. 

Advantageous Effect of the Invention 

The present invention provides a hands -free telephone con 
versation apparatus Which has an advantageous effect of 
reducing negative in?uence of an echo on a sound to be 
transmitted to a far-end user Without deteriorating the sound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a hands-free telephone 
conversation apparatus according to one preferred embodi 
ment of the present invention. 

FIG. 2 is a ?oW chart explaining an operation of a hands 
free telephone conversation apparatus according to one pre 
ferred embodiment of the present invention. 

FIG. 3 is a ?oW chart explaining an operation continued 
from the operation explained in FIG. 2. 

FIG. 4 is schematic vieWs explaining a relation betWeen 
frequency characteristics of a microphone of the conventional 
hands-free telephone conversation apparatus and a sound 
pressure level of a sound received by a microphone When the 
user is on the phone, and a relation betWeen frequency char 
acteristics of a microphone of the hands-free telephone con 
versation apparatus according to one preferred embodiment 
of the present invention and a sound pressure level of a sound 
received by a microphone When the user is on the phone. 

FIG. 5 is a ?oW chart shoWing a loudspeaker selecting 
processing of the hands-free telephone conversation appara 
tus according to one preferred embodiment of the present 
invention. 

EXPLANATION OF THE REFERENCE 
NUMERALS 

1: hands-free telephone conversation apparatus 
2: navigation device 
3: in-vehicle audio device 
4: in-vehicle bus line 
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5: mobile phone 
10: MPU (micro processing unit) 
1 1 : microphone 
12: DSP (digital signal processor) 
13: switch 
14a, 14b, 19a, 19b, 20a, and 20b: poWer ampli?ers 
15a, 15b, 21a, 21b, 22a, and 22b: loudspeakers 
16: bus I/F circuit (bus interface circuit) 
17a, 17b: HPF (high-pass ?lter) 
18a, 18b: LPF (loW-pass ?lter) 

PREFERRED EMBODIMENT OF THE 
INVENTION 

One preferred embodiment of a hands -free telephone con 
versation apparatus according to the present invention Will be 
described hereinafter With reference to accompanying draW 
ings. 
As shoWn in FIG. 1, the hands-free telephone conversation 

apparatus 1 is electrically connected to a navigation device 2 
and an in-vehicle audio device 3 through an in-vehicle bus 
line 4, and electrically connected to a mobile phone 5. 

The hands-free telephone conversation apparatus 1 
includes a micro processing unit (MPU) 10, a microphone 11, 
a digital signal processor (DSP) 12, a sWitch 13, poWer ampli 
?ers 14a and 14b, center loudspeakers 15a and 15b, and a bus 
I/F circuit 16. 

The MPU 10 executes a program stored in a read only 
memory (ROM, not shoWn) or the like to control each part of 
the hands-free telephone conversation apparatus 1. In this 
embodiment, the MPU 10 functions as loudspeaker selecting 
means and loudspeaker sWitching means of the hands-free 
telephone conversation apparatus 1 according to the present 
invention. 

The microphone 11 functions as a device for inputting a 
sound into the mobile phone 5 When a user is talking on the 
mobile phone 5 Without having the mobile phone 5 With 
his/her hand. 

The DSP 12 is programmed to perform signal level adjust 
ing processing, delay time adjusting processing, and signal 
combining processing and the like to process sound signals 
received from the mobile phone 5, the microphone 11 and the 
like. In this embodiment, the DSP 12 functions as test sound 
signal generating means and sound pressure level detecting 
means of the hands-free telephone conversation apparatus 1 
according to the present invention. The DSP 12 functions as a 
band-pass ?lter for outputting band-limited sound signals 
(pass band: 300 HZ to 4 kHZ) by ?ltering sound signals 
received from the navigation device, the in-vehicle audio 
device, and the mobile phone. The DSP 12 may change the 
pass band of each of the band-limited sound signals to be 
?ltered from the sound signals received from the navigation 
device, the in-vehicle audio device, and the mobile phone. 

The sWitch 13 outputs a received sound signal to a selected 
device in response to a selection signal from the MPU 10. 

The poWer ampli?ers 14a and 14b ampli?es the respective 
sound signals from the sWitch 13. 
The center loudspeaker 15a is installed in the vehicle With 

out being directed toWard the microphone 11. The center 
loudspeaker 15b is installed in the vehicle, and directed 
toWard the microphone 11. It is preferred that each of the 
center loudspeakers 15a and 15b have narroW directional 
characteristics. The center loudspeakers 15a and 15b output 
sounds represented by the sound signals ampli?ed by the 
poWer ampli?ers 14a and 14b, respectively. 
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4 
The bus I/F circuit 16 is electrically connected to the in 

vehicle bus line 4. As a result, the MPU 10 is electrically 
connected to the navigation device 2 and the in-vehicle audio 
device 3. 
The navigation device 2 outputs a sound signal indicating a 

sound to guide a driver to a designated destination through an 
optimum route. 
The in-vehicle audio device 3 outputs sound signals indi 

cating music or the like. The in-vehicle audio device 3 is 
electrically connected to high-pass ?lters (HPFs) 17a and 17b 
for ?ltering sound signals to output its high frequency com 
ponents larger than or equal in frequency to 4 kHZ, and 
electrically connected to loW-pass ?lters (LPFs) 18a and 18b 
for ?ltering sound signals to output its loW frequency com 
ponents smaller than or equal in frequency to 300 HZ. 
The sound signals passed through the HPFs 17a and 17b 

and the LPFs 18a and 18b are ampli?ed by the respective 
poWer ampli?ers 19a, 19b, 20a, and 20b, While sounds rep 
resented by the sound signals ampli?ed by the respective 
poWer ampli?ers 19a, 19b, 20a, and 20b are outputted from 
in-vehicle loudspeakers 21a, 21b, 22a, and 22b. 
And more speci?cally, the DSP 12 processes a sound signal 

from the mobile phone 5, a sound signal from the navigation 
device 2, and sound signals from the in-vehicle audio device 
3, and outputs the processed sound signals to the loudspeak 
ers 15a and 15b through the sWitch 13 and the ampli?ers 14a 
and 14b. 

FIGS. 2 and 3 are ?oWcharts shoWing an operation of the 
hands-free telephone conversation apparatus 1 according to 
the preferred embodiment of the present invention. Firstly, 
the MPU 10 determines Whether or not the mobile phone 5 is 
receiving an incoming call (in step S1). When the determina 
tion is made that the mobile phone 5 is not receiving an 
incoming call, the MPU 10 proceeds to step S11 Which Will be 
described hereinafter. 
When the determination is made that the mobile phone 5 is 

receiving an incoming call, the MPU 10 determines Whether 
or not the in-vehicle audio device 3 is outputting sound sig 
nals to the center loudspeakers 15a and 15b (in step S3). 
When the mobile phone 5 has received an incoming call, the 
in-vehicle audio device 3 stops outputting sound signals to the 
in-vehicle loudspeakers 21a, 21b, 22a, and 22b (in step S2). 
When the determination is made that the center loudspeak 

ers 15a and 15b are outputting sound signals, the MPU 10 
controls the sWitches 13 to prevent the sound signals from 
being outputted to the in-vehicle loudspeakers 15a and 15b 
(in step S4). 

Then, the MPU 10 has the center loudspeakers 15a and 15b 
output ring tone stored in a read only memory (RAM, not 
shoWn). When the user starts to talk on the mobile phone 5 
Without having the mobile phone 5 With his/her hand by 
operating an input device (not shoWn) connected to the in 
vehicle bus line 4, the MPU 10 controls the mobile phone 5 to 
have the mobile phone 5 output, to the DSP 12, sound signal 
received from the far-end user. In order to reduce negative 
in?uence of an echo on a sound to be transmitted to a far-end 

user, the MPU 10 selects the loudspeaker 1511 as a loud 
speaker for outputting the sound received from the far-end 
user (in step S5), and controls the sWitch 13 to ensure that the 
DSP 12 is electrically connected to the poWer ampli?er 1411. 

Then, the MPU 10 determines Whether or not the user has 
?nished a hands-free phone call (in step S6). When the deter 
mination is made that the user has ?nished a hands -free phone 
call, the MPU 10 has the sWitch 13 restart outputting the 
sound signals to the center loudspeakers 15a and 15b (in step 
S7). 
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When the determination is made in step S3 that the audio 
sounds are not outputted from the center loudspeakers 15a 
and 15b, the MPU 10 reduces negative in?uence of an echo on 
a sound to be transmitted to a far-end user by selecting the 
loudspeaker 1511 as a loudspeaker for outputting the sound 
received from the far-end user (in step S8), and controls the 
sWitch 13 to ensure that the DSP 12 is electrically connected 
to the poWer ampli?er 1411. 

Then, the MPU 10 determines Whether or not the user has 
?nished a hands-free phone call (in step S9). When the deter 
mination is made that the user has ?nished a hands-free phone 
call, the MPU 10 proceeds to step S10 Which Will be 
described hereinafter. 

The in-vehicle audio device 3 restarts to output the sound 
signals to the in-vehicle loudspeakers 21a, 21b, 22a, and 22b. 
The MPU 10 of the hands-free telephone conversation appa 
ratus 1 proceeds to step S1. 

Then, the MPU 10 determines Whether or not a request 
signal has been received from the navigation device 2 through 
the Bus I/F circuit 16 (in step S11). When the determination is 
made that the request signal has been received from the navi 
gation device 2, the MPU 10 of the hands-free telephone 
conversation apparatus 1 proceeds to step S1 
When the determination is made that the user requests the 

navigation device 2 to output a navigation voice to guide a 
driver to a designated destination through an optimum route, 
the MPU 10 determines Whether or not the center loudspeak 
ers 15a and 15b are outputting audio sounds (in step S12). 
When the determination is made that the center loudspeak 

ers 15a and 15b are outputting audio sounds, the MPU 10 
controls the switches 13 to have the switches 13 stop output 
ting the audio signal to the center loudspeaker 15a (in step 
S13). 

Then, the MPU 10 enhances the clarity of the navigation 
voice by selecting the loudspeaker 15b as a loudspeaker for 
outputting the navigation voice (in step S14), and controls the 
sWitch 13 to ensure that the DSP 12 is electrically connected 
to the poWer ampli?er 14b through the sWitch 13. 

Then, the MPU 10 controls the sWitch 13 to have the sWitch 
13 restart to output the audio signal to the center loudspeaker 
15b (in step S15), and returns to the step S1 of the operation 
of the hands-free telephone conversation apparatus 1. 
When the determination is made that the center loudspeak 

ers 15a and 15b are not outputting audio sounds in the step 
S12, the MPU 10 enhances the clarity of the navigation voice 
by selecting the loudspeaker 15b as a loudspeaker for output 
ting the navigation voice (in step S16), and returns to the step 
S1 of the operation of the hands-free telephone conversation 
apparatus 1. 

The relationship betWeen frequency characteristics of the 
microphone and a sound pressure level of sounds transferred 
to the microphone from the loudspeakers, When the user is 
talking on a hands-free telephone conversation apparatus, 
Will be then described hereinafter With reference to FIG. 4. 

In the conventional hands-free telephone conversation 
apparatus, a microphone 25 is located in a reproduction area 
24 of loudspeakers 23a and 23b as shoWn in FIG. 4(a). When 
the user is talking on the hands-free telephone conversation 
apparatus, the loudspeakers 23a and 23b output a sound in a 
direction of the reproduction area 24. In this case, a sound 
received by the microphone 25 is heavily in?uenced by an 
echo, by reason that the sound pressure level of the sound 
transferred to the microphone 25 from the loudspeakers 23a 
and 23b is increased under the condition that the microphone 
25 has high sensitivity to speci?c frequency components of 
the sound. 
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6 
On the other hand, in the hands-free telephone conversa 

tion apparatus 1 as shoWn in FIG. 4(b), a direction in Which 
the loudspeaker 15a output a sound, i.e., the direction of the 
loudspeaker 15a is oriented at an angle of 60 degrees With 
respect to a direction from the loudspeaker 15a to the micro 
phone 11. Therefore, the microphone 11 is not in the repro 
duction area 26 of the loudspeaker 15a. Here, the loudspeak 
ers 21a, 21b, 22a, and 22b do not output sounds When the user 
talks on the hands-free telephone conversation apparatus 1 
Without having the hands-free telephone conversation appa 
ratus 1 in his/her hand (see step S2). 

In this case, the sound pressure level of the sound trans 
ferred from the loudspeaker 15a to the microphone 11 is loW, 
even if the microphone 11 has high input sensitivity to the 
sound, in comparison With the conventional hands-free tele 
phone conversation apparatus. Therefore, the hands -free tele 
phone conversation apparatus 1 according to the embodiment 
of the present invention can reduce negative in?uence of an 
echo on a sound to be transmitted to a far-end user by sound 
pressure difference shoWn by an arroW 27. 

Therefore, it is preferable to orient the loudspeaker 1511 at 
an angle equal to or larger than 60 degrees With respect to a 
direction from the loudspeaker 15a to the microphone 11. 
The hands-free telephone conversation apparatus 1 accord 

ing to the embodiment of the present invention can reduce 
negative in?uence of an echo on a sound to be transmitted to 
a far-end user Without deteriorating the sound, by reason that 
the hands-free telephone conversation apparatus does not 
perform sound signal processing necessary to cancel an echo, 
and the center loudspeaker 15a installed in the vehicle With 
out being directed toWard the microphone 11 outputs a sound 
received from the far-end user When the user is talking on the 
hands-free telephone conversation apparatus Without having 
the hands-free telephone conversation apparatus in his/her 
hand. 

In this embodiment, the hands-free telephone conversation 
apparatus 1 has been explained as having tWo center loud 
speakers 15a and 15b. HoWever, the hands-free telephone 
conversation apparatus 1 may have three or more center loud 
speakers. 

In this embodiment, the center loudspeaker 1511 has been 
explained as a loudspeaker for outputting a sound from the 
mobile phone. A loudspeaker selected on the basis of a fol 
loWing loudspeaker selecting processing may output a sound 
from the mobile phone. 

FIG. 15 is a ?oW chart shoWing a loudspeaker selecting 
processing of the hands-free telephone conversation appara 
tus 1 according to the preferred embodiment of the present 
invention. 

Firstly, the DSP 12 generates, on the basis of test sound 
data previously stored in the ROM, three test sound signals 
different in frequency from one another (in step S21). The 
microphone 11 has high sensitivity to a test sound represented 
by the test sound signals. 

In order to have the loudspeakers selectively output a test 
sound to be represented by the test sound signals generated by 
the DSP 12, the MPU 10 sWitches to each of the loudspeakers 
(in step S22). 

Then, the test sound are outputted by the loudspeaker 
selected by the MPU 10, While the DSP 12 detects the sound 
pressure level of the test sound outputted to the microphone 
11 from the selected loudspeaker (in step S23). 

Then, the MPU 10 determines Whether or not the sound 
pressure level of the test sound from all of the loudspeakers is 
detected by the DSP 12 (in step S24). When the MPU 10 
determines that the DSP 12 does not ?nish the detection of the 
sound pressure level of the test sound from the selected loud 
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speaker, the MPU 10 returns to step S22 of the operation of 
the hands-free telephone conversation apparatus. 

When, on the other hand, the determination is made that the 
sound pressure level of the test sound from each of the loud 
speakers has been detected, the MPU 10 selects a loudspeaker 
to ensure that the sum of the sound pressure levels of the test 
sound signals from the selected loudspeaker is the smallest 
value (in step S25). 

In this embodiment, three test sound signals are generated 
in step S21 under the condition that the microphone 11 has 
high sensitivity to three test sound signals generated in step 
S21. HoWever, one or more test sound signals may be gener 
ated under the condition that the microphone 11 has high 
sensitivity to one or more test sound signals. 

In this embodiment, the MPU 10 selects a loudspeaker to 
ensure that the sum of the sound pressure levels of the test 
sound signals from the selected loudspeaker is the smallest 
value in comparison With those of other loudspeakers (in step 
S25). HoWever, the MPU 10 may select at least one loud 
speaker to ensure that the sum of the sound pressure levels of 
the test sound signals from the selected loudspeaker is smaller 
than a predetermined threshold level (in step S25). 

The DSP 12 may generate a test sound signal, detect a 
sound pressure level of a sound received by the microphone 
11, and set ?lter coef?cients of a band pass ?lter on the basis 
of the detected sound pressure level through a processing 
similar to the loudspeaker selecting processing. 

In this embodiment, the navigation device 2 and the in 
vehicle audio device 3 are electrically connected to the in 
vehicle bus line 4. Further, an in-vehicle device of an elec 
tronic toll collection (ETC) system, an in-vehicle device of a 
vehicle information and communication system (V ICS), and 
the like may be electrically connected to the in-vehicle bus 
line 4. 

The MPU 10, the DSP 12, the sWitch 13, and the bus I/F 
circuit 16 may be collectively constituted by an integrated 
circuit. 

The reproduction area 26 is constituted by tWo areas 26b 
and 260 symmetrical or substantially symmetrical With 
respect to the axis 26a of the loudspeaker 15a. The axis 26a is 
oriented at an angle equal to or larger than 60 degrees With 
respect to a direction 28 from the loudspeaker 15a to the 
microphone 11 located near a steering Wheel (not shoWn). 

INDUSTRIAL APPLICABILITY 

Therefore, the hands-free telephone conversation appara 
tus has an advantageous effect of reducing negative in?uence 
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8 
of an echo on a sound to be transmitted to a far-end user 

Without deteriorating the sound, and is useful for an in-ve 
hicle hands-free telephone conversation apparatus. 

The invention claimed is: 
1. A vehicle having a function to alloW a user to talk on a 

mobile phone, comprising: 
a microphone for receiving a sound to be transmitted to a 

far-end user of said mobile phone, and 
a loudspeaker for outputting sound received from said far 

end user, Wherein 
said microphone is located outside of a reproduction area 

in Which said sound is outputted by said loudspeaker; 
a further loudspeaker, said microphone Within a further 

reproduction area of said further loudspeaker, and 
loudspeaker selecting means for 
When said user is not talking on said mobile phone: 

selecting said loudspeaker to output sound and select 
ing said further loudspeaker to output sound 

When said user is talking on said mobile phone: 
selecting said loudspeaker to output sound and pre 

venting said further loudspeaker from outputting 
sound. 

2. A vehicle according to claim 1, Wherein 
said reproduction area is constituted by tWo areas substan 

tially symmetrical With respect to an axis, 
said axis is oriented at an angle equal to or larger than 60 

degrees With respect to a direction from said loudspeaker 
to said microphone. 

3. A vehicle according to claim 1, Wherein said hands-free 
telephone conversation apparatus is located near a steering 
Wheel. 

4. A vehicle according to claim 1, further comprising: 
means for outputting a test sound through each of a plural 

ity of loudspeakers Which includes a loudspeaker and a 
further loudspeaker; 

means for detecting a sound pressure level of said test 
sound from each of said loudspeakers; and 

means for selecting, on the basis of said sound pressure 
level, one of said loudspeakers as a loudspeaker for 
outputting sound received from said far-end user. 

5. A vehicle according to claim 4, further comprising: 
means for setting ?lter coef?cients to a band pass ?lter for 

?ltering a sound to be outputted from each of said loud 
speakers to said microphone. 


